Abstract-Heart diseases and strokes are considered as number one killer as they account for around 35 to 40 per cent of the total disease burden in Pakistan. The ratio of heart patients is increasing day by day, which is an alarming condition for the country. This situation needs a detailed analysis which can show the geographical distribution of heart patients and also the city wise attributes (age, weight, income etc) that are aggregating more in the heart disease. A Threshold Based Inference Engine is designed which infers the knowledge base by generating the association rules on each city. These rules infer the clustered data to extract the city wise more risk increasing attributes, and the common disease in that city. Automated Minnesota code is used for the verification of the collected ECGs. The results show that Threshold based Inference Engine successfully and efficiently generates a detailed report of each city including more diseased people and highlights the attributes increasing the risk factor.
I. INTRODUCTION
Cardiac arrhythmia is the leading cause of death worldwide claiming 17.1 [1,] [2] , million lives each year, more so than lung, cancer and AIDS combined. In the United States alone, sudden cardiac arrest claims about 450,000 lives each year.
Statistics here in Pakistan are even worse. A number of heart patients die every year in Pakistan either due to improper diagnosis/treatment or lack of treatment altogether. Alarmingly, now it starts affecting the younger population in their thirties and forties, the prime of their life. This seems to be very highly alarming ratio in Pakistan especially in the productive year of life. This situation needs attention and a detailed analysis of geographical distribution of heart patients so that proper steps should be taken.
To generate a detailed analysis which can show the geographical distribution of heart patients and the common attributes aggregating the disease, a Threshold Based Inference Engine is designed (TBIS), which takes clustered data as input. A database containing the patient's records along with the ECG's will be generated. Minnesota code is used for the verification of the collected ECGs, all the ECGs are checked according to the conditions specified in the Minnesota code. Statistical analysis in done on the clustered data to extract the statistical based association rules.
These rules are further used to infer the knowledge base.
The analysis will highlight geographical areas with maximum disease and the attributes (weight, age, income, drugs etc) contributing more in the heart disease in the particular area.
The generated report will provide great benefit for use by Health Organization and international health organization like ministry of health and WHO. The paper is organized as follows: section 1 describes the introduction, section 2 is literature survey, section 3 is the technique description and section 4 is the conclusion and future work.
II. LITERATURE SURVEY
Automatic ECG survey data analysis has been an active area of research from the last decade. A wide range of techniques have been used for this purpose which include linear and nonlinear DSP techniques, statistical pattern recognition techniques, Expert Systems, Artificial Neural Networks ,Inference Engines and Fuzzy Logic etc.
According to a World Bank report, which alerts that "Pakistan is facing a health crisis with rising rates of heart disease" [2] , Many surveys have been conducted in the country to check the ratio of heart diseases in various cities. A prospective survey conducted for Acute Myocardial Infarction shows that "majority (68%) were males with age group of 52.2 years" [3] . A number of surveys conducted in various cities to check the ratio of Rheumatic Heart Disease. Many studies show "Pakistan among the high risk countries for RHD" [4] , [5] .Surveys conducted in Lahore and Peshawar shows that, the prevalence of RHD in Lahore is among the highest in the overall ratio of RHD in the world [6] , while the ratio in Peshawar has declined as compared to Lahore [7] .
Many fuzzy approaches are proposed for ECG diagnosis and classification [8, 9] including Fuzzy Adaptive-Resonance TheoryMAP, employed to classify cardiac arrhythmia [9] . A hybrid neurofuzzy system was used for ECG classification of myocardial infarction (MI) [10] . T. M. NAZMY et al, presents an intelligent diagnosis system for (ECG) classification by using hybrid approach of adaptive neuro-fuzzy inference system (ANFIS). The system includes feature extraction of ECGs using Independent Component Analysis (ICA) joined with Power spectrum and the RR interval [11] . ANFIS is commonly used for the classification of ECG signals. To detect premature contraction ANFIS was used in [12] , results show that back propagation with the combination of least square convergence is faster than only using back propagation. Sucharita Mitra et al in [13] , describes a rule-based rough-set decision system in which an inference engine is used for the detection of the heart disease. Image processing techniques were used for the acquisition of [14] .
III. THRESHOLD BASED INFERENCE ENGINE (TBIE)
Threshold based Inference engine is a form of an engine that tries to derive answers from a knowledge base by inferring the clusters. TBIE consists of a knowledge base and a set of rules, which are derived from the knowledge base; these rules are further used for inference. The output is a detailed report that shows the city wise distribution of the most common disease and also the main attributes that are taking part in aggregating the disease.
A database with details of patient's record along with the city details and disease is generated. The objective of this TBIE is to extract the attributes (city wise) which are aggregating more in the particular heart disease and also the city wise disease and its level. Results show that TBIE successfully extracted the attributes and city wise disease after inferring the knowledge base.
A. Algorithm
The steps that are designed for the algorithm of the proposed Threshold based Inference Engine are presented in Table. I The rest of the section will explain in detail each step, and the outcome of each step. [15] Step 5: Apply Threshold on Membership
Step 6: Allegation of Rules
Step 7:Calculate Centroid
Step 8: Aggregation
Step 9 : Report B. Flowchart of TBIE The Flowchart of the proposed technique is shown in figure 1.
Step 1: Shows the input of the inference engine which is the database.
Step 2: Shows the statistical analysis; Mean and standard deviation is calculated for each attribute.
Step 3: Result of step three is the set of detailed rules.
Step 4: Membership is calculated for the selected attributes after applying feature selection.
Step 5: Shows the allegation of rules antecedent to the rules consequent
Step 6: Centroid is calculated for each city.
Step 7: Shows the aggregation of all the centroids.
Step 8: Shows the output which is the detailed report. 
C. Detail Description of Steps in TBIE
This section describes the details of each step presented in the Threshold Based Inference Engine.
1) Preprocessing
This step involves the preparation of the ECGs database.
2) Minnesota Validation
Minnesota code is a well known medical science paper which is used by the cardiologists for the verification of the ECGs [16] . It has number of clauses which have ranges for the attributes P,QRS, T . These ranges must be satisfied by the selected ECG. This research automated the Minnesota code so that ECGs can be verified and through an automated system and may save time of cardiologists. When the ECG is uploaded it needs verification i.e whether this ECG is accurate to consider; it contains all the parameters or not. If the ECG is verified by the Minnesota code then those ECG parameters, after calculation are saved in the database however if it does not pass the verification criteria it is discarded.
3) Statistical Analysis A statistical analysis is done on the database .Mean and Standard deviation is calculated for each attribute in the database. This statistical analysis is further used for the rules generation.
a) Statistical Rules Formulation
This section deals with the statistical rules generation. To achieve this task first the threshold is selected. The selected threshold shows the number of diseased people in the province e.g if threshold value is five it will retrieve all the cities in which percentage of diseased people is five or above five. The result is the set of rules, each rule against each city. Rule for a City:
"If age (37), and weight (73), and height (5'2''), and education (Fsc), and employment (retired), and income (35k), and per capita income (5000000), and drugs (level never used), and BP (100< B <130), and hypertension (permanent), then disease (sinus rhythm), with stage (serious)."
The rule described above is a very detailed one this rule needs a generalized form with most aggregating attributes only. To achieve this further steps of TBIE are applied and a general rule for each city is extracted.
4) Fuzzification
This section describes the fuzzification process that is applying membership function on each attribute.
a) Trapezoidal Membership Function
A membership function (MF) is defined as "The degree an object belongs to a fuzzy set is denoted by a membership value between 0 and 1. µ(x) is called the membership function (or MF) of x" [15] . In TBIE trapezoidal membership function is used. "The trapezoidal membership function, trapmf, has a flat top and really is just a truncated triangle curve. These straight line membership functions have the advantage of simplicity" [15] . Table II shows the membership calculated for each attribute. 
b) Feature Selection
As the database contains so many features some of which are relevant and some of which are not. So it is necessary to highlight those features which are important than other irrelevant features, to achieve this, feature selection is applied on the database. The result of feature selection is a set of features which are used for the membership calculation.
c) Attributes with Maximum Membership
When the membership of all the attributes is calculated there is a need to select most important attributes in each city which are taking part in aggregating the disease. To achieve this task a threshold is set to retain the highest membership holding attributes. Table III shows the selected attributes with there membership values against each city. 
5) Allegation
A rule has two parts antecedent and the consequent. In this research the antecedent and the consequent are Antecedent = Age, Weight, BP, Education etc Consequent = Disease The consequent part which is the disease has three cases; Serious, Mild, Symptoms.
Like the antecedent part all the rules, statistical analysis and the membership values for each attribute of consequent part is also calculated. The three stages of diseases serious, mild, symptoms for each city is calculated based on their membership values. Table IV shows the result of allegation. 
6) Province Level Aggregation
To achieve the province level aggregation first city level centroid calculation is done than all centroids form all cities are joined into four sets for four provinces.
a) City Level Centroid Calculation
All the cities with there maximum disease, stage of disease (SOD) and attributes which are most important for that disease are extracted. The work till now is on city level there is a need to know the common attributes on the province level. To achieve this task centroid from each city is calculated by using the formula given below in eq1.
n All the cities with there attribute are shown individually in tables below. When the centroid calculation is done on each city, only one attribute is returned by that city. The Table V below shows the centroid selected from each city. So the centroid calculation is done on each city of each province.
b) Centroid Aggregation
Decisions are based on the testing of all of the generated rules in a TBIE, so the rules must be combined in some manner to make a decision. "Aggregation is the process by which the sets that represent the outputs of each rule are combined into a single set as aggregation only occurs once, just prior to the final step" [17] which is the aggregation of all the provinces. The input of the aggregation process is the list of output attibutes returned by the city level centroid process for each rule. The output of the aggregation process is a set.
After the city level centroid calculation is done there is a need to aggregate all the attributes of all provinces to reach a single output set.
Aggregation= Hypertension] The sets represent the attributes from all four provinces. All the unique attributes from all sets will be extracted but if an attribute like BP has two values than both values will be chosen. The result of aggregation is a single set of attributes showing the most common attributes from all provinces.
Aggregation= [BP (100<A>130), Weight (74), Employment (Retired), Hypertension (Persistent),] 7) Report Generation
The section describes the final outcome of the TBIE.
a) Detailed Report Generation
This section describes the desired output of the Threshold based Inference Engine i.e the detailed report. This report captures the city wise distribution of the attributes and the disease in that city. This report is very useful as it clearly shows the overall distribution of the heart disease in Pakistan and the risk factors of the disease.
Crystal reporting is used to generate the detailed report [18] . Fig. 2 shows the detailed report of cities including the common disease and the aggregating factors.
b) Graphical Representation and Discussion
This section describes the graphical representation of the detailed report and discussion on various attributes in various cities. The Fig. 3 shows the graphical representation of age in various cities. It is shown that age is contributing more in heart diseases in Punjab than in any other province. People of Sahiwal and Mansehra of age group above 55 are on more risk than any other age group. More alarming situation is in other cities where age group is below 40 which are considered as the prime of life. Graph shows that young people of Ziarat are on high risk of heart diseases. Other cities having zero value are showing that age is not the important factor in these cities for the heart disease. All the people with weight above 60kg are on high risk for heart disease in many cities as shown in the graph. People of Nawab Shah , Bannu and Mardan having weight above 80kg are involved more in heart diseases than any other weight. In Sindh many cities which are involved in heart diseases, weight above 70kg are on high risk and is the main factor than other provinces. As the graph shows many cities have zero values for the weight which shows that weight is not as much important than other factors in these cities. 
e) Total Family Income
The graph in Fig. 5 shows that income is a very important factor in heart diseases. The ranges in the figure 5 show that both the rich people and the poor people have the heart diseases. Family income above sixty thousand is on same risk as a family with income below thirty thousand .The families with income around thirty thousand and below is on high risk. All the cities in the graph are mainly having family income around thirty or below thirty thousand. Only few cities have zero values for this factor but it can be said for sure that income can be considered as a main factor for the disease.
f) Drugs
Drugs like cigarettes, cigars etc are considered mainly the main cause of heart diseases. But the graph in figure 6 shows that the cities of Baluchistan and NWFP are on more risk for the disease as the people are more involved in drugs intake. On the other hand in Punjab and Sindh drugs are not considered the aggregating factor. 
g) Hypertension
Hypertension is the main factor in increasing the heart disease as it is present in all cities shown in Fig. 6 with its maximum value that is hypertension with stage permanent. Multan is the only city where hypertension is not as much important than other factors. So precautions need to be taken for people with hypertension to save there lives from heart diseases. 
IV. CONCLUSION
This research discusses in detail the proposed Inference Engine, flowchart of the Inference Engine and the step wise execution detail of the engine. Results show that Threshold Based Inference Engine successfully extracted the attributes from all the cities and the most common disease. The generated detailed report shows the city wise distribution of the heart patients the aggregating attributes and the disease. The analysis shows that the hypertension has the maximum membership values in all cities which show that it is the major risk factor for the heart diseases. The second factor is the income in all cities, middle class seems to have more heart diseases than the high class people in some cities. But this distinction is not true in some cities where the people with high income and low income are at same risk level for the disease.
The future work which can be done is to make an adaptive Neuro Fuzzy Inference System by preparing the data with the Threshold based Inference Engine and then applying this to the resilient back propagation technique.
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